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Is it possible to identify classes of POPs that should be 
considered together? If so, which patterns of findings 
are most consistent? Which are least consistent? 

 ~95 separate human studies of varying quality available
 It may be possible with sufficient data mining and analysis to 

identify classes of POPs that could be considered together in 
strengthening the finding of an association between exposure 
and disease (e.g. diabetes). 

 Forest plot analysis provides an informative approach for 
comparing the ORs of individual chemicals either alone or in 
combination across a battery of studies. 



Is it possible to identify classes of POPs that should be 
considered together? If so, which patterns of findings 
are most consistent? Which are least consistent? 
(continued)
 Sufficient evidence of an association with diabetes could be 

obtained based on forest plot analyses of cross-sectional, 
prospective/retrospective, and occupational exposure studies
– Included data from NHANES, maternal, and military Veteran 

exposure studies 
– Initial data mining indicates strongest correlations for trans-

nonachlor, DDE, dioxins/dioxin-like chemicals, including PCBs.
 Insufficient time of analysis of the data during the session to 

establish whether there is a correlation between exposure to 
POPs and obesity or metabolic syndrome.

 Further data mining of human and animal studies is required



Prospective studies on PCBs



Cross-sectional studies on PCBs



Veteran studies



Trans-nonachlor



DDE



What are the most useful indicators of exposure 
and health effect diagnosis?
 Blood and target tissue levels of POPs 
 Clinical diagnosis of the disease (e.g. death certificate 

insufficient for diabetes)



What are the most important factors to include as 
adjustment variables?
 Age, gender, individual POPs, and exposure to other agents 

(e.g. pesticides and metals)
 The validity of standardizing/adjusting for blood lipids is 

unclear
 Adjusting for BMI is controversial (e.g. waist circumference 

vs. MRI adiposity)
 Measures of health status (e.g. recent weight changes)



Identify major areas of complexity and uncertainty
 The progressive development of disease over time, 

genetics, age, window of exposure, and lifestyle
 Non-monotonic relationships 
 Mixtures of POPs and other environmental chemicals
 Influence of subclinical disease on biomarkers of exposure
 Concurrent medication (e.g. statins, metformin)



In cases where there is a consistent association, does 
it demonstrate “causality”? If not, how far short is the 
current literature from demonstrating causality?

 The human data examined are insufficient to establish 
causality

 There are very strong correlations among some POPs (0.50-
0.90) making it difficult to identify individual POPs as 
potential causal agents

 Mechanistic studies are required to advance our 
understanding of the role of POPs in metabolic disease 
development 



In cases where there is a consistent association, does 
it demonstrate “causality”? If not, how far short is the 
current literature from demonstrating causality? 
(continued)
 Only when human data are in concurrence with mechanistic 

studies can we establish causality.
 Such studies should consider factors such as:

– Windows of exposure
– Exposure measurements (e.g. the chemical analysis of individual 

POPs)
– Mixtures in populations, tissue targets, pathways,  and 

physiological variables (e.g. brown fat, adipose tissue, 
inflammation) 

– Secondary effects (e.g. hormone production)



Research Strategies and Critical Data Needs: Major 
Recommendations
 Longitudinal studies of developmental exposures and 

obesity, diabetes, and related metabolic disturbances
 Studies on age, period, and cohort effects of POPs exposure 

and incident diabetes
 Meta-analysis of existing studies using individual-level data
 Improve analytical measures to measure low blood volumes 

and high throughput at a reasonable cost
 Better animal models of diabetes and obesity
 High throughput surrogate exposure measures based on 

biological activity



 After improving analytical measures use existing longitudinal 
studies with bio-banked blood

 Identify pathways related to diabetes and related disease 
states, screen existing POPs for activity in these pathways

 Promote collaboration between epidemiologists, clinicians, 
and laboratory scientists to work in a true translational way

Research Strategies and Critical Data Needs: 
Strategies



 Risk estimates for diabetes and obesity related outcomes
− Regression coefficients between the POPs and different 

measurements associated with metabolic syndrome 
− Include glucose levels, lipid profiles, insulin resistance, waist 

circumference, and blood pressure
 Relationships between Type 1 diabetes and POPs (only one 

prospective study)
 Type 2 diabetes independent of BMI (thin diabetics 

representing some 15% of those with T2D )

Research Strategies and Critical Data Needs: Key Data 
Gaps



 Interaction between POP exposure and genotype concerning 
future diabetes (e.g. T1D; T2D) development

 Repeated measurements of exposures and outcomes to 
follow progression of disease

 Focus on which chemicals are present in the population now 
and which will  continue to increase
− Generational exposure differences

Research Strategies and Critical Data Needs: Key Data 
Gaps (continued)
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